In this study, the taste contribution of brown sugar in chicken seasoning was evaluated. Chicken seasonings containing brown sugar (AB), white sugar (AW), and liquid sugar (AL) were compared by the detection of taste compounds, sensory evaluation, and electronic tongue measurements. The correlation model of the three kinds of data was built by partial least squares regression (PLSR). The contents of the taste compounds in sample AB was higher than in sample AW and lower than in sample AL. Sample AB had the strongest "umami" and "full-body" taste and the highest response values for the UMS and GPS sensors. Combined with the PLSR results, brown sugar could be used to balance the taste of chicken seasoning. In conclusion, brown sugar had a positive effect on flavor quality and could help to improve chicken seasoning recipes.
Introduction
Sugars constitute a vital category of ingredients in the food industry and can be used as flavor enhancers. [1] They play an important role in improving the sweetness and textural characteristics (e.g. Korean rice cake). [2] They can also balance the spicy and salty tastes. [3] Brown sugar, a sucrose sugar product with a distinctive brown color, is widely produced in many countries and regions, such as South America, South Asia, and Africa. [4] It has a considerable place in the market. [3] Its brown color is due to the presence of molasses. Molasses consists of sucrose, glucose, amino acids, vitamins, metal ions, and other components. [5] Therefore, brown sugar contains some beneficial biofunctions, such as antioxidant, cytoprotective, and antiangiogenesis activities. [4] In modern recipes, brown sugar is often used to create a richer flavor, such as in baked foods. [6] Asikin et al. [6] found many acids and heterocyclic compounds in brown sugar, which can provide sweet, burnt, pungent, and caramel-like aromas.
Chicken seasoning, which is a type of food condiment, is widely used in daily life because of its pleasant flavor. The market for chicken seasoning in China developed rapidly, with an annual increase of 20% to 35% from 2009 to 2012. [7] Flavor is an important quality index of chicken seasoning. The flavor quality of chicken seasoning can be affected by its ingredients or processing technique, among other factors. As major constituents of chicken seasoning, sugars can affect the flavor quality. Refined white sugar is the most widely used sugar. However, limited information is available on the effect of brown sugar on the taste characteristics of chicken seasoning.
Sensory evaluation is often used to determine the flavor quality of food. [8] For example, Feng et al. [9] used sensory evaluation to study the quality of chicken breast muscle during the refrigerated storage. Sensory evaluation can provide integrated and direct information of the target attributes. It was used to describe the sensory properties of oyster sauce [10] , and evaluate the effects of sodium reduction and potassium chloride addition on chicken broth. [11] To get more specific information, sensory evaluation is usually combined with instrumental analysis, such as high-performance liquid chromatography (HPLC) and an electronic tongue to evaluate the flavor quality of food. The HPLC method, which shows good repeatability and credibility, is widely used in food analysis. This method has been used to analyze the content of sugars, such as glucose, fructose, and sucrose. [12] It has also been used to determine the taste compounds in seasoning [13, 14] and chicken products. [15, 16] The electronic tongue, which can simulate the human sense of taste, is a good tool for distinguishing the differences between samples. [17] It has been used to discriminate the brands and categories of soy sauce [18] , compare the different recipes of flavor enhancers [19] , and optimize sweetener blends. [20] Takahashi et al. [21] used the taste sensor method to detect the sweetness, umami, saltiness, astringency, and mineral-based bitterness of brown sugar sourced from different parts of the sugarcane. The samples had similar taste profiles, except for subtle differences in saltiness and sweetness. To understand the relationship between the data obtained by different analysis methods, partial least squares regression (PLSR) was used to establish correlation models and a relationship between the electronic tongue data, physicochemical changes [22] , and sensory evaluation data. [23] PLSR was also used to predict the physical properties of yogurt based on the response value of the electronic tongue sensor. [24] The current study evaluated the taste contribution of the brown sugar in chicken seasoning. Taste compounds analysis, sensory evaluation, and electronic tongue were used to compare the differences in flavor quality between the chicken seasoning with brown sugar (AB), white sugar (AW) and liquid sugar (AL). A PLSR model was used to study the correlation between the content of taste compounds, sensory attributes, and electronic tongue response data to further analyze the influence of brown sugar on chicken seasoning.
Materials and methods

Samples and reagents
Three chicken seasoning samples were used in the study. The major constituents of which were chicken meat, sodium glutamate (MSG), inosinic acid and guanylic acid (I + G), sodium chloride, and sugars. Their recipes were identical except for the type of sugar. The chicken seasoning was supplemented with white sugar, brown sugar, or liquid sugar with a content of 13.38%. The liquid sugar was a sweetener obtained from a caramelization reaction. All chicken seasoning samples were provided by the Nestlé R&D Center (Nestlé R&D Center Shanghai Ltd, Shanghai, China). The compositions of the white sugar, brown sugar, and liquid sugar added to the chicken seasoning are shown in Table 1 . The sugars were analyzed by the Nestlé R&D Center using HPLC.
Standard sugars (sucrose, fructose, and glucose), HPLC-grade acetonitrile and sodium hydroxide, hydrochloric acid, and analytical grade formaldehyde were obtained from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). The analytical-grade silver nitrate and potassium chromate were obtained from Shanghai Titan Science Co., Ltd (Shanghai, China). 
Determination of the taste compounds
Saccharide content
The chicken seasoning samples were dissolved in distilled water to a mass concentration of 20%. All samples and standards were passed through 0.45 μm filters before sampling. An HPLC coupled to a refractive index detector (Agilent 1260, Palo Alto, CA, USA) was used to analyze the glucose, fructose, and sucrose content. The column was a 5 μm, 250 mm x 4.6 mm NH 2 column (Agela Innoval, Tianjin, China). The mobile phase was acetonitrile and water (75:25). Isocratic elution was performed with a flow rate of 1.0 mL/min. The column temperature was 35°C. The injection volume was 10 μL. Each sample was run in triplicate. The chromatographic peaks were identified by using the retention times of the reference standards. The standard curves of sucrose, fructose, and glucose were used for quantification.
MSG, I + G and chloride content
The method used to determine MSG was in accordance with the National Standard of China GB/T 5009. . Chicken seasoning samples (3 g) were dissolved in 100 mL of distilled water. An aliquot of (10 mL) the solution was added to a 200 mL beaker containing 60 mL of distilled water. The pH of the solution was adjusted to 8.2 using 0.05 mol/L sodium hydroxide. Subsequently, 10 mL of formaldehyde were added to the solution, and 0.05 mol/L sodium hydroxide was used to titrate the pH to 9.6. Each milliliter of the 0.05 mol/L sodium hydroxide consumed after the formaldehyde addition was equivalent to 187 mg MSG.
The methods used to determine I + G and chloride content were in accordance with the National Standard of China GB/T 8967-2007. The I + G content was analyzed using an ultraviolet spectrophotometer (UV 6000, Shanghai Metash Instruments Co., Ltd, Shanghai, China). Chicken seasoning samples (3 g) were dissolved in 100 mL of 0.1 mol/L hydrochloric acid. The absorbance of the samples was determined at a wavelength of 250 nm.
Potassium chromate was used as the indicator because silver chloride was less soluble than silver chromate and the color of silver chromate was reddish brown. Chicken seasoning samples (5 g) were dissolved in 100 mL of distilled water. Briefly, 1 mL of the sample solution was diluted with 100 mL of distilled water, and 0.5 mL of potassium chromate (5%, w/w) was added as an indicator. The mixture was titrated with 0.1 mol/L silver nitrate solution until it became orange and the color persisted for more than 60 s. A blank was titrated before the titration of each sample. Each milliliter of the 0.1 mol/L silver nitrate was equivalent to 58.45 mg chloride. Each sample was tested in triplicate for MSG, I + G, and chloride content.
Metal ion content
The metal ion content in the chicken seasoning samples was analyzed using an inductively coupled plasma atomic emission spectrometer (iCAP6300, Thermo, Waltham, MA, USA). The metal ions were potassium, iron, calcium, and magnesium. The method was based on Cindrić et al. [25] Each sample was run in triplicate.
Sensory evaluation
Twelve panelists (six females and six males, 20 to 30 years of age) who had the experience in food evaluation were selected and trained using the quantitative descriptive analysis method [26] by an expert from the Nestlé R&D Center. Ten sensory attributes were developed in the training sessions to describe the chicken seasoning flavor: chicken, garlic, pepper, umami, MSG, sweet, salty, fullbody, astringent, and retention. The umami attribute was used to show the natural umami taste, which differed from the MSG taste. The retention attribute was the flavor intensity to taste the chicken seasonings after 30 s. [27] A structured, continuous 10-score scale was used to describe the sensory profile of the samples. The standard of the sensory score of the sensory attributes was as follows: 0 to 2, very weak; 3 to 4, weak; 5 to 6, neither weak nor strong; 7 to 8, strong; and 9 to 10, considerably strong.
When training was complete, the panelists were evaluated the chicken seasoning samples containing the different sugars. The experiment was conducted at room temperature (25°C) in the sensory evaluation laboratory. There were 12 cubicles with an 80 cm breadth in the laboratory. Four 25-watt color lights were located above each cubicle. To exclude the influence of color, only the red light was on when the experiment started. [27] The chicken seasoning samples (10 g) were dissolved in 1000 mL of distilled water at 70°C to make them more palatable. Plastic cups (50 mL) were labeled with a random three-number code. The balanced-block design was used to evaluate the samples with the order of samples based on Stone et al. [26] The panelists tasted and scored the samples. A 2 min break was needed between each sample. Unsalted soda crackers and distilled water were provided to cleanse the palate of the panelists. [11] The experiment was conducted in triplicate.
Electronic tongue measurements
An α-Astree electronic tongue (Alpha MOS, Toulouse, France), which was equipped with one reference electrode and seven silicon-based potentiometric sensors as the working electrodes, was used for the taste evaluation of the sample solutions. The potentiometric sensors were labeled as SWS, STS, UMS, SRS, BRS, GPS and SPS. [28] The potentiometric difference between working and reference electrodes was recorded as the E-tongue response. The electronic tongue sensor was preconditioned and calibrated using a 0.01 mol/L hydrochloric acid solution. The diagnostic started when the calibration passed. For the diagnostic, a 0.01 mol/L hydrochloric acid solution, MSG, and sodium chloride were used to judge the sensitivity and discernment of the electronic tongue sensors. The diagnostic passed if the principal component analysis (PCA) discrimination index was larger than 94. Chicken seasoning samples (1 g) were dissolved in 100 mL of distilled water. An aliquot of the solution (20 mL) was placed in the electronic tongue sample beaker. Nine replicate measurements were conducted for each sample, and four points after stabilization were used for further data processing. The sensors were rinsed with water to prevent cross-contamination. [29] The signals of the seven potentiometric sensors were stable after the 100 th second with a relative standard deviation response below 1%. The transient recording at the 120 th second for the SRS, SWS, BRS, STS, UMS, GPS, and SPS sensors was used as the sensor response value.
Statistical analysis
The content of the taste compounds and sensory evaluation data were analyzed via analysis of variance (ANOVA) and Duncan's multiple range tests using SPSS (version 19.0, IBM SPSS, Armonk, NY, USA). These data were used to identify the differences between the samples. [30] For the response values of the electronic-tongue sensor, the data were analyzed by the multivariate statistical methods using the α-Astree software, which was provided by Alpha M.O.S. (version 12.0, Alpha M.O.S, Toulouse, France). Discriminant factor analysis (DFA) was used to analyze the electronic tongue response data. DFA is a technology used to combine the sensor data by re-differentiation. [31] It can estimate the possibility of clustering the samples. [32] The correlations between the taste compounds, electronic tongue, and the sensory evaluation were analyzed by PLSR using the Unscrambler (version 9.7 CAMO ASA, Oslo, Norway). PLS2, which can handle several responses simultaneously, was used [33] to analyze the average data of taste compounds, electronic tongue, and sensory evaluation.
Results and discussion
Taste compounds analysis
The statistical results for the saccharide, MSG, I + G, chloride, and metal ion content are shown in Table 2 . The value is expressed as mean ± standard deviation (n = 3).
The identical letter in the same row indicates that there is no significant difference among the samples according to Duncan test (P < 0.05).
Saccharides
Sugar has a significant influence on the flavor profile of food products. [34] The fructose, glucose, and sucrose content in food were widely analyzed by HPLC. [35] As shown in Table 2 , the three samples had statistically significant differences (P < 0.05) in terms of sugar types and content. Sample AL had a lower sucrose content than sample AB. The sucrose content in sample AW was the highest. White sugar is a refined white product containing up to 99.9% sucrose. In contrast, brown sugar is a nonrefined product from sugarcane. [36] Sample AL contained 15.61 g.kg −1 glucose. Fructose was not detected in any of the samples.
MSG, I + G, and chloride
As shown in Table 2 , the MSG, I + G, and chloride content were statistically significantly different (P < 0.05) between the three samples. There was 31% to 33% of MSG in the chicken seasoning samples, which conformed to the trade standard of China SB/T 10415-2007. MSG is a typical component that can provide the umami taste. [37] It can also affect the astringent taste. [23] The MSG content of sample AB was the highest. A low proportion of I + G (0.9% to 1.3%) can make the chicken seasoning more umami when it is combined with MSG. [38, 39] The I + G content in sample AL was slightly higher than in sample AB. Almost 50% of all the samples is chloride, which is one of the major taste components of chicken seasonings. The significant differences between the samples might affect the salty taste differences. Sodium chloride is commonly used to offer a salty taste in chicken seasonings.
Metal ions
Metal ions, such as calcium (Ca 2+ ), iron (Fe 3+ ), and magnesium (Mg
2+
) have many nutritive values. Calcium can contribute to the development of bones and transmission of nerve impulses. Iron functions in hemoglobin for oxygen transport. Magnesium is an active component of several enzyme systems. [40] These metal ions have salty, bitter, and astringent tastes that can affect the flavor. [41] As shown in Table 2 , there were significant differences in the metal ions across the samples (p < 0.05). Samples AB and AL had higher metal ion content than sample AW. Thus, samples AB and AL had more nutrients. These two samples might have a richer mouthfeel.
Sensory evaluation
The ANOVA results for the 10 sensory attributes of samples AW, AB, and AL are shown in Table 3 . There was no significant difference between the samples for the sensory attributes "chicken", "garlic", "pepper", "MSG", and "retention". Sample AL had the weakest "umami" and "full-body" tastes and the strongest "astringent" and "salty" tastes. Combined with the taste compounds results, sample AL had the highest chloride and metal ion content. In general, higher concentrations of Ca 2+ and Mg 2+ can cause a bitter and astringent taste for sample AL. Sample AW had a weak "umami" taste. Compared with samples AL and AW, sample AB had the strongest "umami" and "full-body" tastes and the weakest "astringent" taste. The results showed that sample AB had a more harmonious taste and a more natural and stronger umami taste.
Electronic tongue analysis
Response of the sensor SWS to the taste sensation of sweet To evaluate the response of the sweet sensor SWS to the taste sensation of sweet, different concentrations of glucose, fructose, and sucrose were analyzed using the electronic tongue. The mass concentrations of the glucose, fructose, and sucrose solutions were 0.1%, 0.5%, 1.5%, 5%, 10%, and 20%.
As shown in Fig. 1 , the glucose, fructose, and sucrose concentrations and their electronic tongue response values for SWS had a logarithmic decreasing equation relationship in the range of 0.1% to . This result indicated a negative correlation between the response value and the concentration of the three types of saccharides, which was consistent with a previous study.
[ 42] The correlation coefficients (R 2 ) of the fitted curves were 0.8998, 0.9381, and 0.9700 for fructose, glucose, and sucrose, respectively. The three logarithmic functions were well fitted. Therefore, the sweet sensor SWS could sense the difference between the glucose, fructose, and sucrose solutions of different concentration gradients.
Electronic tongue comparison results for the AW, AB, and AL samples A radar map, which can show the relative intensity of different tastes of the samples [43] , was drawn according to the relative response value of the electronic tongue sensors to show the differences between the three chicken seasoning samples. As shown in Fig. 2 , the radar maps of the three samples were different. The response values of sensors UMS and GPS for sample AB were higher than those for the other two samples.
The response values of sensors STS, BRS, SRS, and SPS of were the highest for sample AL. Sample AW had the lowest response value for sensor SWS. The negative correlation between the response value and the sucrose concentration in Fig. 1 indicated that sample AW had the highest sucrose content, which is consistent with the taste compounds results. Takahashi et al. [21] used the radar map to compare the taste characteristics of two types of brown sugars, which showed the subtle differences between the samples.
DFA was used to further analyze the electronic tongue response data of the chicken seasoning samples. As shown in Fig. 3 , the three samples could be discriminated based on the DFA method. A 98.815% data variance value was captured by the X function, and a 1.185% data variance value was captured by the Y function. Sample AB was clearly separated from samples AW and AL, perhaps because sample AB had the strongest "umami" and "full-body" tastes and that sample AL had the strongest "salty" and "astringent" tastes. Hence, chicken seasoning samples supplemented with different sugars can be classified based on their taste profiles.
Correlation between the taste compounds, electronic tongue, and the sensory evaluation A PLSR2 model was used to determine the correlation between the taste compounds, electronic tongue, and the sensory evaluation (Fig. 4) . The X-axis represents the sensory evaluation data, and the Y-axis shows the electronic-tongue response data and taste compound content. The first two PCs (principal components) derived a PLSR2 model that explained 42% of the cross- validated variance. The taste compounds, sensory attributes, and electronic tongue sensors, except for the Ca 2+ , potassium ion (K + ), BRS, "full-body", "garlic", and "retention" attributes, were located between the inner (R 2 = 0.5) and outer ellipses (R 2 = 1.0). Thus, they were well explained by the PLSR2 model. The Fe 3+ , Mg 2+ , and I + G content were correlated with the "astringent" and "salty" attributes, which was consistent with the results of the taste compounds and sensory evaluation. Sample AL had the highest Fe 3+ , Mg 2+ , and I + G content and the strongest "astringent" and "salty" taste. The "sweet" attribute showed a correlation with the sucrose and MSG content. Sample AW had a higher sucrose content and a stronger "sweet" taste than the other two samples.
The response value of sensor STS was positively associated with the "salty" attribute, and the response values of sensors SWS and GPS were correlated with the "sweet", "pepper", and "umami" attributes. Sample AL had the highest response value for the sensor STS and a higher "salty" taste than the other two samples, perhaps indicating a correlation between the salty sense of the STS electronic-tongue sensor and the natural sense. Sample AW had a lower SWS response value than the other two samples. However, the "sweet" taste of sample AW was the strongest, perhaps due to the negative correlation between the SWS response value and saccharide concentration presented in Fig. 1 .
The influence of sugar on flavor intensity is complex and nonlinear. [4] Moreover, different types of sugar will add their own flavor and function to the product. Especially when a kind of sugar is added to "not-sweet" products, such as seasonings, it can balance the flavor and improve the mouthfeel. [34] In this study, chicken seasonings with different types of sugar were evaluated, and the effects of brown sugar on the taste of the samples were observed. For example, a correlation was built between the Fe 3+ , Mg 2+ , and I + G content and the "astringent" and "salty" attributes was established. Sample AB had a higher content of these compounds than sample AW and a lower content than sample AL. The appropriate content of these taste compounds in sample AB demonstrated that the brown sugar balanced the astringent and salty taste of the chicken seasoning. For the correlation between sensory attributes and electronic tongue response data, the response values of the sensors SWS and GPS were correlated with the "sweet", "pepper", and "umami" attributes, and the response value of sensor STS was positively associated with the "salty" attribute. The differences between the electronic tongue profiles of the three samples showed that brown sugar could affect the attributes "sweet", "salty", "pepper", and "umami" tastes of chicken seasonings. Sample AB had the highest response value for the GPS sensor and the strongest "umami" taste. Some clues could also be found in the composition of brown sugar (Table 1 ). The brown sugar had the highest content of aspartic acid and glutamic acid, and both of these amino acids have an umami taste. [44] Based on these results, different types of sugar can influence the flavor profile of chicken seasoning. The sample with brown sugar had a more harmonious taste and had a richer mouthfeel. Thus, brown sugar can be used in a chicken seasoning recipe to improve its flavor and make it taste better.
Conclusion
The taste compounds, sensory evaluation and electronic tongue were used to study the effect of brown sugar on the taste of chicken seasoning. Sample AB has appropriate content of taste compounds and the strongest "umami" taste attributes. It had a significantly different electronic tongue profile than samples AW and AL. Brown sugar has a good effect on the taste characteristics of chicken seasoning and can be used to improve the chicken seasoning recipes. 
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